and with proximal optimization technique use (OR 0.208, p < 0.001), whereas the odds for MACE increased with main vessel predilatation (OR 2.191, p = 0.049) and diabetes mellitus treated with insulin (OR 2.779, p = 0.024 (Cardiol J 2018; 25, 3: 308-316) 
Introduction
The activity of European Bifurcation Club, initiated in 2004, has led to issuing practical recommendations to improve outcomes after percutaneous treatment of coronary bifurcation lesions [1] . Recent reports have suggested that clinical outcomes after percutaneous coronary interventions (PCI) of bifurcation lesions were no longer worse than after PCI of non-bifurcation lesions or that differences were only minimal and limited to the early phase postprocedural events [2, 3] . However, variety of bifurcations' anatomy induced searching for stents designed for coronary bifurcation by definition. Until that moment, big expectations associated with them have not been realized [4] . The BiOSS ® dedicated coronary bifurcation stent has been extensively tested in many clinical scenarios, however, and especially important is that there are two randomized studies, POLBOS I and POLBOS II, comparing dedicated bifurcation with regular drug-eluting stents (rDES). Indeed, pooled data from those two studies allowed performing a detailed comparative analysis.
The aim of this study was to analyze pooled data of two clinical trials POLBOS I and POLBOS II in order to compare 1-year follow-up results and identify possible prognostic factors in the overall population as well as in diabetic and left main (LM) subgroups [5, 6] .
Methods

Study population and study design
The POLBOS I and POLBOS II were international, multi-center, randomized, open-label, controlled trials, which are described elsewhere [5, 6] . Briefly, the inclusion criteria were: stable coronary artery disease or non ST-segment elevation acute coronary syndrome, age ≥ 18 years, de novo coronary bifurcation lesion (including unprotected LM stem), main vessel (MV) diameter ≥ 2.5 mm and side branch (SB) diameter ≥ 2.0 mm, based on visual estimation. Main exclusion criteria were: ST-segment elevation myocardial infarction, Medina 0,0,1 bifurcations, baseline serum creatinine level ≥ 177 µmol/L (2.0 mg/dL), inability to undergo dual antiplatelet therapy for 12 months, left ventricular ejection fraction ≤ 30%, and the lack of informed consent. The Institutional Review Board of each participating center approved the study protocol (ClinicalTrials.gov Identifier: POLBOS I -NCT02192840, POLBOS II -NCT02198300).
Interventional procedure, device description and concomitant medication
After signing informed consent patients were randomly assigned to one of two treatment strate ). The BiOSS ® stent consists of two parts, proximal and distal, joined with two connection struts in the middle zone [7] . In the rDES group, use of any approved rDES available in participating cath labs was allowed. POLBOS I trial started in 2010 when paclitaxel-eluting stents (PES) were routinely used. The following regular PES were used: LucChopin2 (1 µg/mm 2 , Balton), Coroflex Please (1 µg/mm 2 , B. Braun), Taxus (1 µg/ /mm 2 , Eurocor) and Apollo (1 µg/mm 2 , IK), whereas olimus-eluting stents (OES) were as follows: everolimus-eluting stents (Xience, Abbott Vasc; Promus, Boston Scientific), sirolimus-eluting stents (Cypher, Cordis; Prolim, Balton; Orsiro, Biotronik; Cre8, CiD), biolimus-eluting stents (Biomime, Biomime; Biomatrix, Biosensors) and zotarolimus-eluting stents (Resolute Integrity, Medtronic).
Follow-up
Clinical follow-up was performed with office visits or by telephone at 1 and 12 months after intervention. Adverse events were monitored throughout the study period. Follow-up coronary angiography was performed at 12 months unless clinically indicated in advance.
Endpoints
The primary endpoint was the cumulative rate of major adverse cardiovascular events (MACE) consisting of cardiac death, myocardial infarction (MI) and target lesion revascularization (TLR). Secondary endpoints included cardiac death, all-cause death, MI, TLR, target vessel revascularization (TVR), stent thrombosis, and device success [8] .
Statistical analysis
Continuous variables were presented as mean ± standard deviation (SD). Categorical data were presented as numbers (%). Continuous variables were compared using an unpaired Student two--sided t test, and categorical data using the c 2 test or Fisher exact test, as appropriate. If distribution was not normal (verified with the Shapiro-Wilk test), Wilcoxon signed-rank tests and Mann-Whitney U-tests were used. P values of < 0.05 were considered statistically significant. In further analysis univariate and multivariate logistic regression analyses were performed. The multivariate analysis was performed with AIC minimization method. Statistical analyses were performed using R 3.0.2 for OS (R Foundation, Vienna, Austria).
Results
Four hundred and forty five (445) patients, with 222 patients in BiOSS group and 223 patients in rDES group, were analyzed. Mean age was 66.4 ± 9.5 years. Baseline characteristics of the whole population is presented in Table 1 . There were no significant differences between subgroups in the whole population, apart from the diabetes rate which was higher in the BiOSS group (40.5% vs. 28.3%, p = 0.007). In 26.7% cases the procedures were performed within distal LM, and true bifurcations accounted for 81.6% treated lesions. Procedural aspects are displayed in Table 2 . There were 30.5% of PES within rDES group, while in the BiOSS group -54%. There was a significantly higher rate of MV predilatation (71.3% vs. 61.7%, p = 0.035), FKB (49.3% vs. 32%, p < 0.001) and proximal optimization technique (POT) (68.6% vs. 37.4%, p < 0.001) in the rDES group compared with the BiOSS group.
At 12 months, within the whole population, no statistical differences in terms of MACE, TLR, MI or cardiac death between rDES and BiOSS groups were observed (Fig. 1 ). More detailed analysis considering type of drug eluting from the stent (Table 3) showed a trend for a higher rate of MACE in PES subgroup compared with OES subgroup (19.1% vs. 10.9%, p = NS) in rDES group whereas in Bi-OSS group the difference between paclitaxel and sirolimus version was smaller (13.3% vs. 11.8%, p = NS). Interestingly, the same analysis for TLR rate showed the highest value in PES group, while the smallest in -olimus group (14.7% vs. 5.2%, p = NS). In the BiOSS group TLR rate did not differ significantly between paclitaxel and -olimus versions (11.7% vs. 9.8%, respectively). When taking into consideration diabetes mellitus (DM), there was no difference in BiOSS group in terms of MACE in DM and non-DM groups (12.2% vs. 12.9%, p = NS), whereas in rDES group presence of DM mattered (20.6% vs. 10.6%, p = 0.02, respectively DM vs. non-DM groups) ( Table 4) . The same analysis showed a maintenance of such a relation for TLR rate. This parameter was significantly higher for DM population treated with rDES (14.3% vs. 5.6%, p = 0.03) and did not dif- 12.1%, respectively DM vs. non-DM). Also, the analysis considering division into LM and non-LM bifurcation location in treated patient showed very interesting data ( Table 5 ). First of all MACE rate was the smallest in LM patients treated with BiOSS stent (8.1% vs. 15.8%, respectively BiOSS vs. rDES group) and moreover this value was lower than in non-LM group (14.4% vs. 12.7%, respectively BiOSS vs. rDES group).
Further, in order to determine prognostic factors for coronary bifurcation treatment with dedicated bifurcation stent BiOSS ® and rDES univariate and multivariate regression analyses were performed. In multivariate analysis the odds for MACE (Table 6 ) decreased with female sex and with POT use, whereas the odds for MACE increased with DM treated with insulin and with MV predilatation. When performing regression analyses separately in BiOSS and rDES subgroups, no significant differences from a mechanistic point of view were observed. In both subgroups POT played a key role (data not shown).
Additionally, in multivariate analysis, it was found that the odds for MACE in DM population decreased for BiOSS ® stent implantation (OR 
Total DM vs total non-DM = NS; *DES DM vs. DES non-DM; #BiOSS DM vs. BiOSS non-DM = NS; DES -drug eluting stent; DM -diabetes mellitus; MACE -major adverse cardiovascular event; MI -myocardial infarction; TLR -target lesion revascularization
Discussion
The main findings of this study are: 1) There was no statistically significant difference between total BiOSS group and total rDES group regarding combined primary endpoint (MACE) as well as with regards to secondary endpoints (death, cardiac death, MI or TLR), however numerically the worst results were observed in paclitaxel--eluting rDES subgroup, whereas there was no difference between BiOSS Expert, BIOSS LIM and -olimus-eluting rDES, 2) Sub-analysis regarding the type of the antiproliferative drug revealed that in terms of TLR rate, the best results were found in -olimus-eluting rDES subgroup while the worst in paclitaxel-eluting rDES subgroup, on the contrary there was no difference between BiOSS Expert, BIOSS LIM, 3) There was a very strong trend in favor of BiOSS stents compared to rDES stents in terms of MACE rate in the diabetic subpopulation, additionally results for total BiOSS group did not differ significantly between diabetic and non-diabetic subpopulations, 4) The analysis taking into consideration bifurcation location showed that there was a trend for better results in terms of MACE and TLR rates in the case of LM subgroup when the BiOSS stent was used, ® stent was a bare metal one, but shortly after a paclitaxel-eluting version was introduced to the market -the BiOSS Expert ® stent. After acceptable results of the BiOSS Expert ® stent in the all-comer population [9] as well as in distal LM stenosis [10] a way for improvement was to change the paclitaxel into the -olimus drug. The sirolimus was chosen and the BiOSS LIM ® stent was developed. Unfortunately, 1-year results for BiOSS ® Expert and BIOSS ® LIM were quite comparable between Registries as well as for POLBOS I and POLBOS II trials. This could be explained by an initially lower concentration of sirolimus than is presently used (1.0 vs. 1.4 mg/mm 2 ) [5, 6, 9, 11] . Also, the stent's design reconstructed natural relations between all three parts of bifurcation and was to play an important role as well. The lack of differences between MACE rates in case of both BiOSS ® stents and -olimus-eluting rDES with simultaneous differences regarding TLR in favor of -olimus-eluting rDES might suggest a protective effect of bigger neointimal proliferation reflected by higher late lumen loss in BiOSS stents caused by relatively big strut cross-sectional area > 0.01 mm 2 [12] . In our analysis TLR and MACE rates for BiOSS and rDES were 10.8% vs. 8.1% and 12.6% vs. 13.5%, respectively. In the paper by Chen et al. [13] , after 12-month follow-up results in paclitaxel (PES) group differed significantly with sirolimus (SES) group regarding to the rate of TLR, TVR and MACE, 12.2% vs. 3.2%, 14.4% vs. 4.9% and 20% vs. 10.3%, respectively. Also, in a meta-analysis it was proved that when comparing with PES, SES reduced the incidence of TLR, main-branch restenosis and MACE in coronary bifurcation intervention, while the risk of stent thrombosis was similar between SES and PES groups [14] . Presently, zotarolimus (ZES) and everolimus (EES) are deemed to be the gold standard in drug-eluting stents [2, 15] . Pan et al. [16] proved that EES and SES are equally effective in the treatment of coronary bifurcation lesions (1-year MACE rate of 6.1% and 6.2%, respectively), while Sgueglia et al. [17] disclosed that in the treatment of bifurcations SES is better than ZES and inferior to EES (target bifurcation failure rate: 7.9%, 18%, 3.3%, respectively). It is very likely that many additional parameters such as selection of patients, protocol of intervention or indications for additional stent implantation determine the results of these mainly one-center studies. In addition, it should be stressed that, contrary to a majority of other studies, there was a very high rate of control angiography (above 90%) in the present study there were significant increases in TLR ratio.
Interestingly, this study obtained numerically better results for BiOSS than in rDES subgroups in cases of patients with DM. Vascular response in patients with DM and dyslipidemia differ significantly when compared with healthy controls in terms of increased neointimal area, delayed reendothelialization, and greater, persistent vascular inflammation [18] . Nevertheless, data suggest that DM and non-DM lesions showed similar vessel response in both in-stent and reference segments, regardless of the DES type [19] . The follow-up lumen in DM patients seems to be determined primarily by the smaller lumen at postprocedure rather than exaggerated neointima within the stent or plaque proliferation at the reference segments. Here, we can see the role of BiOSS design offering bigger lumen increase and laminar flow. Also, neointimal hyperplasia persists at least up to 6 months after SES implantation, which may be partly related to an exaggerated inflammatory response within the blood vessel wall. It is suggested that direct beneficial effects of anti-diabetic and anti-inflammation medications might decrease the risk of restenosis after stenting. One may presume that the BiOSS biodegradable polymer might also play such a role [20] . Nevertheless, one must admit that results obtained in rDES subgroups in POLBOS trials in diabetic patients were relatively high in comparison to other papers (POLBOS rDES MACE 20.6%, TLR 14.3%; Liu et al.: MACE 13.2%, TLR 7.9%, Meelu et al.: MACE 7.4%, TLR 3.7%) [21, 22] . A very high rate of control angiography in the present study could be one of the explanations.
Both the results of POLBOS I and POLBOS II, as well as pooled data have shown that the BiOSS ® stent acts well in distal LM stenosis [23] . There was no difference between sirolimus-and paclitaxel-eluting BiOSS ® stents. This suggests that the BiOSS ® construction itself played a key role. Regression analysis suggested that the higher MV/ /MB rate the lower the odds for MACE (MACE, OR 0.87, p = 0.057). This finding supports the above mentioned hypothesis. MACE and TLR rates were higher when compared with the recent findings of EXCEL or NOBLE trials, but in other studies control angiography was mandatory and such a study Robert J. Gil et al., POLBOS pooled data design increases values of the abovementioned endpoints [24, 25] .
In the present analysis it was found that in regression analysis female sex and POT decreased the odds for MACE, whereas MV predilatation and DM treated with insulin increased the odds for MACE. These findings are similar to other studies. In the MITO Registry the independent predictors of main branch in-stent restenosis were calcification (HR 2.284, p = 0.016), true-bifurcation (HR 2.331, p = 0.024), insulin-dependent DM (insulin-DM) (HR 2.259, p = 0.048). Furthermore, POT (HR 0.548, p = 0.077), full LM cover approach (HR 0.605, p = 0.093) and greater minimal lumen diameter (HR 0.611, p = 0.062) had a tendency to reduce main branch in-stent restenosis [26] . Whereas, Wihanda et al. [27] Nevertheless, POT and MV predilatation issues require separate analysis. Appropriate stent apposition in the proximal MV is achieved by POT, which is performed by dilating the proximal MV stent from the proximal stent edge to just proximal to the carina, using a short oversized balloon. POT improving stent apposition facilitates SB access (with scaffolding of its ostium), reduces risk of accidental abluminal rewiring, lowers the risk of stent distortion by catheter collision and as consequence enhances luminal postprocedural flow. Thus, POT should be considered as a standard step in bifurcation treatment [28] . POT was performed two-fold more often in rDES group than in the BiOSS group due to belief in POT-like effect of BiOSS stents, and in the regression analysis it positively correlated with better clinical outcomes. This seems to attest to it, that results in BiOSS group might be improved by applying obligatory POT. POT in BiOSS might have been disclosed important since in cases of thick strut stainless steel BiOSS platform, semi-compliant delivery balloon Bottle might not be so efficient as real POT performed with a non-compliant balloon.
Limitations of the study
Although the sample size was relatively small (it is in line with similar studies found in the literature) it was based on predefined statistical considerations, and primarily affects the robustness of observations of subgroup analyses. The use of multiple stent types and drugs in the control group is also a limitation, although this aspect of the design was intended to replicate real-world clinical practice. Finally, the differences in FKB and POT strategies between the study groups might have also influenced the results.
Conclusions
There was no statistically significant difference between total BiOSS group and total rDES group regarding combined primary endpoint (MACE) as well as regarding secondary endpoints (death, cardiac death, MI or TLR), however the worst results were observed in paclitaxel-eluting rDES subgroup, whereas there was no difference between BiOSS Expert, BIOSS LIM and -olimus--eluting rDES.
